Ducane Road, London, W. 12) Biological transformation of tryptophan into nicotinic acid involves several enzymic steps in which B vitamins participate. By studying the excretion of metabolites after giving tryptophan to vitamindeficient rats, it is possible to establish the stage in tryptophan metabolism at which the vitamin functions. Such experiments with pyridoxin (Dalgliesh, 1952) , riboflavin (Charconnet-Harding, Dalgliesh & Neuberger, 1953) and thiamine (Dalgliesh, 1954) have previously been reported. Recently Shanmuga Sundaram, Tirunarayanan & Sarma (1954) claimed that in Neurospora biotin is concemed in the first stage of tryptophan metabolism, in which formylkynurenine is formed. In an (unpublished) survey of B vitamins the author had found no evidence for such a relationship in the rat. The problem has therefore been reinvestigated.
Three groups of young male white rats, control, biotin-deficient and biotin-pyridoxin-deficient, were fed a diet based on dried egg-white (containing avidin) as protein source. Succinylsulphathiazole (1 % by weight) was added to inhibit bacterial synthesis of biotin in the gut. Appropriate vitamin mixtures were given daily by stomach tube. This dietary regime was much the most successful of several tried. On it, the biotin-deficient group showed appreciable deficiency after 3-4 weeks, and thereafter tryptophan (1 mg./g. body wt./day) was added at intervals to the diet of all groups, and the pattern of urinary metabolites studied. At no stage during a period of 10 weeks, in which severe, and in some cases fatal, deficiency became established, was there any appreciable difference between the metabolite excretory pattern of biotin-deficient and control rats. Nor was there any apparent inhibition of the pyridoxin-deficient excretory pattern in the animals with a double deficiency, showing that formation of kynurenine and hydroxykynurenine was not inhibited.
It is therefore considered improbable that biotin has a direct effect on any stage in the conversion of tryptophan into hydroxykynurenine by the rat, though there is a possibility, considered small, that biotin forms part of a coenzyme not readily dissociated from its enzyme in biotin-deficiency. In a previous communication (Betts, James & Thorpe, 1953) it was reported that mercapturic acids were formed in the rabbit from penta-and 2:3:4:6-tetra-chloronitrobenzene and that this occurred, as with 2:3:5:6-tetrachloronitrobenzene (Bray, Hybs, James & Thorpe, 1953) , with the concomitant elimination of the nitro groups. Other chloronitrobenzenes have now been examined with special reference to the possibility of mercapturic acid formation and 3:4-dichloronitrobenzene has yielded two metabolites of special interest.
The major metabolite of this compound is a mercapturic acid which is excreted in an amount corresponding to about 40% of the dose of 3:4-dichloronitrobenzene. This mercapturic acid is, however, formed by elimination not of the nitro group but of the relatively labile (Berckmans & Holleman, 1925) chlorine atom in position 4. This is confirmed by the observation that the same N-acetyl-S-(monochloronitrophenyl)-L-cysteine is formed from both 3:4-dichloronitrobenzene and 4-bromo-3-chloronitrobenzene. 2:4-and 2:5-Dic xxiv PROCEEDINGS OF THE BIOCHEMICAL SOCIETY chloronitrobenzenes have provided two further examples of the formation of a mercapturic acid with elimination of a chlorine atom. In both these compounds the lability of the chlorine atom in position 2 (Berckmans & Holleman, 1925) has been confirmed by the isolation of the same N-acetyl-S-(monochloronitrophenyl)cysteine from 2:4-dichloro-and 2-bromo-4-chloronitrobenzene and ofthe same N-acetyl-S-(monochloronitrophenyl)cysteine from 2:5-dichloro-and 2-bromo-5-chloronitrobenzene.
An unusual type of metabolite isolated in small yield (1 % of dose) from urine of rabbits given 3:4-dichloronitrobenzene is 3:4:3':4'-tetrachloroazoxybenzene. Other metabolites were 3:4-dichloroaniline (23% of dose) and a phenol (or phenols) conjugated with glucuronic acid (12 %) and sulphuric acid (12 %).
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Berckmans, U. S. F. & Holleman, A. F. (1925) McAllister's convenient method for the colorimetric determination of antithyroid drugs of the 2-thiouracil and 2-mercaptoglyoxaline series McAllister & Howells, 1952) by means of 2:6-dichloroquinone chloroimide is not directly applicable to 2-ethoxycarbonylthio-1-methylglyoxaline ('carbimazole') owing to the absence of a replaceable hydrogen atom until the ethoxycarbonyl group has been removed by hydrolysis. Under the usual experimental conditions (in borate buffer at pH 8.0) carbimazole hydrolyses slowly, but darkening of the reagent occurs before colour development, due to the liberated 2-mercapto-1-methylglyoxaline ('methimazole'), is complete. McAllister (1955) has recently described a method for analysing carbimazole in an aqueous solution, hydrolysis to methimazole being first carried out in 0-25N-NaOH at 37°. We found that such a method could not be used for estimating carbimazole in tablets as considerable losses of carbimazole occurred. This is attributed to the reducing action in alkaline solution of the lactose present as excipient. Similar losses occurred in Na2C03 solution and when the lactose was replaced by other reducing agents such as glucose, formaldehyde or acetaldehyde, but, as expected, not with sucrose or acetone. Good recoveries were only obtained when the hydrolysis was carried out under very mild alkaline conditions (e.g. in cold 0-05N-NH4OH).
Acid hydrolysis of carbimazole, which proceeds much less readily than does alkaline hydrolysis, resulted in decomposition of the lactose and loss of the drug.
Carbimazole may also be determined after separation from lactose by extraction from an aqueous solution with chloroform. The more watersoluble methimazole is only partially extracted under these conditions, and the presence of some of this compound in tablets of carbimazole was demonstrated by the action of dichloroquinone chloroimide on the aqueous fraction after extraction.
Some such method of estimating, at least approximately, the relative amounts of methimazole and carbimazole in tissues might help to settle the question of whether carbimazole owes its antithyroid activity to methimazole liberated by in vivo hydrolysis, as suggested by Lawson, Rimington & Searle (1951) or whether it is active per 8e, as is indicated by the enzyme inhibition experiments of Fraser, Garrod, Hanno & Jadresic (1954) . Havinga & Bots (1954) reported the synthesis of [3-14C] cholecalciferol, but the preparation of labelled ergocalciferol has so far not been recorded. Experiments are described in which "4C-labelled ergosterol has been prepared biosynthetically from sterol-deficient yeast (Klein, Eaton & Murphy, 1954; Klein, 1954) , which was then incubated with radioactive acetate. The labelled ergosterol was converted by ultraviolet irradiation to ergocalciferol, which, because of its multiple labelling, allows the detection of breakdown products better than cholecalciferol, labelled only in carbon 3.
Saccharomyce8 cerevi8ae, strain LK2G12, obtained through the courtesy of Dr H. P. Klein, was grown in N2 for 24 hr. at 320. The harvested yeast cells, having 0-72 mg. ergosterol/g. dry wt., were vigorously aerated for 24 hr. at 320 in 0-1 Mphosphate-acetate buffer, pH 5-2, to which 200 ,c of [carboxy-14C]acetate had been added. The unsaponifiable matter of the yeast had 1-4 % of the total radioactivity, and contained 3-5 mg.
["4C]ergosterol/g. dry yeast. The organic acid fraction, yeast residuum, respired C02 and medium had, in ,uc: 14-7, 27-1, 105-4 and 33-3, respectively, representing 84-4 % of total radioactivity.
The impure [14C]ergosterol from two experiments, isolated from its digitonide, with a specific activity of 0-08 pc/mg., was diluted 6-8 times with carrier ergosterol and irradiated in dry, peroxidefree ethyl ether with ultraviolet light to 40 % conversion. The irradiated material, freed from ergosterol by freezing and digitonin precipitation, was treated with maleic anhydride to remove tachysterol. After partition chromatography on a column of MgO-kieselguhr (Kodicek & Ashby, 1954) , the sterols were treated with 3:5-dinitrobenzoylchloride at 24°and the 14C-labelled ergocalciferol ester, of about 97 % purity, was isolated by fractional crystallization, after addition of carrier ergocalciferol 3:5-dinitrobenzoate. Total yield of the 3:5-dinitrobenzoate was 14-1 mg., m.p. 141°, E°% at 265 m,. in ethanol=440 after saponification, specific activity 3.4 fc/mM. Small amounts ofradioactive lumisterol and suprasterol II were also prepared. (1052, 1954) has indicated that the peptidase activities of a cell are a property of the polynucleotides of the cell and it was possible that this might also apply to the arylsulphatase of Alcaligenes. However, prolonged electrophoresis resulted in some separation of the nucleic acid and the arylsulphatase and it was possible to elute arylsulphatase, free from nucleic acid, from the paper. The electrophoretic procedure removed much inert protein and other esterases which hydrolysed phenyl acetate and p-nitrophenyl phosphate. One g. of the material purified in this way liberated 1500000,ug. p-nitrophenol from potassium p-nitrophenyl sulphate (NPS) in O1M phosphate, pH 8-75, in 1 hr. at 37.5°. The ratio of activities towards NPS, p-acetylphenyl sulphate (APS) and nitrocatechol sulphate (NCS) under the respective optimum conditions was 5-0:5-2:1.
When pKm values (i.e. -log1O Kin) were plotted against pH, the three substrates gave almost identical discontinuous curves similar to the types described by Dixon (1953) . Interpretation of these curves according to the rules of Dixon indicated the presence of dissociating enzyme-substrate binding groupings with pK's in the region of pH 8*2 and 9 4 respectively. The pK of the free phenolic grouping of NCS in the region of pH 6-5 was reflected in the pKm/pH curve for this substrate.
Groupings present in proteins with pK's in the region of pH 9-4 include E-and oc-amino, phenolic and sulphydryl groups. Although 5 x 1O-3M pchloromercuribenzoic acid inhibited the enzyme to the extent of about 50 %, sulphydryl groups appear to be excluded from consideration since this xxvi PROCEEDINGS OF THE BIOCHEMICAL SOCIETY inhibition could not be reversed by cysteine or glutathione. Other evidence indicated this active centre to be E-or a-amino rather than phenolic groups. The nature of the enzyme-substrate binding group with a pK at pH 8-2 is at present obscure, although it may be deduced from pKm/pH curves that it is a grouping which gains a positive charge (or loses a negative charge) below that pH. The colloidal gold test of Lange gives a high proportion of abnormal (positive) results with cerebrospinal fluid (C.s.F.) from patients with multiple sclerosis (Freedman & Merritt, 1949) . The mechanism of the test was studied by Maclagan & Bunn (1947) using albumin and globulin fractions from serum. They demonstrated that y-globulin coagulated the colloidal gold and albumin, ax-andglobulins protected it. Kabat, Freedman, Murray & Knaub (1950) , showed that the concentration of y-globulin in C.s.F. was increased in patients with multiple sclerosis. In the present study strong correlation has been shown between the percentage of y-globulin in the C.S.F. and the colloidal gold test. However, in some cases a very moderate increase in y-globulin was associated with a strongly positive gold reaction, also serum diluted to 0-03 % protein gave a positive gold reaction. This was suggestive of a qualitative as well as a quantitative difference in the protein fractions. The albumin and globulin fractions were therefore isolated from serum and from normal and pathological C.S.F.'s by continuous paper electrophoresis (Hobart & Rose, 1955) and the effect of these fractions on the colloidal gold reaction was studied. y-Globulin from serum was a stronger coagulant than that derived from normal C.S.F. y-Globulin from C.S.F. having a positive colloidal gold reaction, was of intermediate coagulating power. Albumin from C.S.F. and serum inhibited coagulation but was only one-tenth as effective as ,B-globulin. a-Globulin from serum had the same protective power as f-globulin, but aglobulin from all C.S.F.'S was about twice as effective.
Sedimentation constants of the -protein fractions were also determined. c.s.F. y-globulin was found to contain a slowly sedimenting component not detected in serum y-globulin. The proportion of this component was greater in y-globulin derived from normal C.S.F.'s. The slowly sedimenting component was found to inhibit the colloidal gold reaction.
y-Globulin has also been fractionated by 18% sodium sulphate in phosphate buffer, which pre- , The Univer8ity, Reading) Progressive mineral depletion was induced in pullets by allowing them to lay 2, 4 or 6 eggs on a calcium-deficient diet, and the degree of depletion suffered by individual bones was assessed on their total ash content, compared with corresponding bones from control birds which did not receive the deficient diet (Taylor & Moore, 1954) . One group of seriously depleted bones was analysed from each of the 8 experimental birds. Calcium, magnesium, sodium, potassium, phosphate, carbonate, citrate and total ash were determined in the dry, fatextracted bone powder after it had been freed from non-osseous organic matter by centrifuging with CC14.
PROCEEDINGS OF THE BIOCHEMICAL SOCIETY XgvIi
There was no correlation between the ash percentage of the bones and the extent of mineral depletion, which lends support to the view that *when minerals are lost from the skeleton the organic matrix is destroyed simultaneously. (McLean & Bloom, 1940) .
Mineral depletion resulted in progressive increases in the magnesium and phosphate content of the ash. Marked decreases in the carbonate content and slight decreases in citrate occurred during the periods when active bone resorption was taking place. Very large real increases in the sodium and potassium content of the bone-ash occurred during the calcification of the third and fourth eggs. The potassium content of the bones of the 4-egg birds was almost twice as great as in the 2-egg birds.
In spite of the large differences in the composition of the 8 bone samples, residual Ca:residual P weight ratios varied only from 1-94 to 2-02, the lower values occurring with the most seriously depleted bones.
It is suggested that the observed bone changes were reflections of changes in the serum of the experimental birds, which resulted in changes in the ions adsorbed on to the crystals. The most important blood changes are likely to have been (1) a reduction in the alkali reserve (Common, 1941) , (2) The isolation of a cytochrome pigment from Rhodo8pirillum rubrum has been described by Elsden, Kamen & Vernon (1953) , and Kamen & Vernon (1954) have also briefly reported the detection of a cytochrome in Chlorobium limicola, a strict anaerobe. An investigation of two cytochrome pigments from Chl. thio8ulphatophilum has now been carried out. Cytochrome-containing extracts could be made from fresh cells by freezing and thawing, or by treatment with cetyltrimethylammonium bromide. The pigments from dried cells could be extracted with phosphate or borate buffers, pH 6*5-9-2. On reduction with Na2S204, absorption bands at 554 and 523 m,. were observed.
The pigments extracted from 150 g. dried cells were separated using Amberlite IRC-50, after Margoliash (1953) . A basic component, provisionally named Chlorobium cytochrome 554 (1) remained adsorbed, while the second pigment, Chlorobium cytochrome 554 (2) passed through. This component was purified by treatment with n-butanol and by adsorption on cellulose-calcium phosphate gel columns (Elsden, personal communication) .
The properties of Chlorobium cytochrome 554 (1) after several treatments with Amberlite, are: 1. The pigment is slowly autoxidizable. 2. In the reduced form, absorption maxima occur at 554, 523 and 417 m,u. When viewed in the hand spectroscope, the edges of the a-band are seen to be sharper than those of animal cytochrome c, and the p-band relatively stronger. 3. No CO compound is formed. 4. The oxidized pigment forms an NO compound with absorption bands centred at 573 and 537 mix. 5. The Fe and haematin content of a sample was 0-37 and 3-1 % respectively. 6. The oxidation-reduction potential lies between the ranges covered by the ferro-ferricyanide and ferroferrioxalate systems. A preliminary measurement using 2:6-dichlorophenolindophenol gave E-160mv. at pH 7.
The distinction between the two cytochromes rests primarily on the difference in basicity of the proteins, although minor differences in absorption spectrum are also apparent. In other properties the two are similar. Enough pure Chlorobium cytochrome 554 (2) Hoover, Jasewicz & Porges (1951) and Hoover, Jasewicz, Pepinsky & Porges (1952) to occur in activated sludge to the extent of 10,ug./g. (dry basis). Later the City of Milwaukee procured a patent (1954) and is reported to have erected a pilot plant.
The figure of Hoover et al. (1952) was confirmed for activated, primary and methane digester sludges. The last named is preferred since it is relatively concentrated, 4% solids against 1-2% for the other sludges.
Assayable activity can be extracted by boiling, without the need for autoclaving recommended by Hoover et al., and is destroyed by heating at pH 11. Extracts were concentrated and purified by wellknown methods, then chromatographed on alumina or silica columns. Only one pink band was observed. At all stages assays by E8cherichia coli mutant and L. leichmannii had a ratio of unity. It was concluded that activity was probably due to cyanocobalamin although no ionophoresis (Holdsworth, 1953) was attempted. This was before the discovery of B12 III by Friedrich & Bemhauer (1953) .
Extracts of 40 gal. of sludge were prepared, the spent sludge being removed centrifugally. Preliminary centrifugal concentration of the sludge is inadvisable since at 10 % solids the suspension becomes gelatinous and retains too much water. The vitamin in the extracts could be adsorbed on to carbon or other adsorbants by stirring and filtering; in this form it could be used as a feeding stuff supplement, rather than as a starting point for purification to the crystalline vitamin. Since Pauling, Itano, Singer & Wells (1949) discovered that sickle cell and normal human carbonmonoxyhaemoglobins had different electrophoretic mobilities, electrophoresis has been widely used in the study of abnormal haemoglobins. However, the choice of conventional buffers which suppress boundary anomalies only permits adequate resolution of sickle cell and normal haemoglobins either after long times of migration or alternatively with relatively diffuse boundaries (Pauling et al. 1949; Morrison, Rudincki & Diggs, 1954) . Hoch (1950) has already noted the advantages of steady state migration for the separation of proteins of similar mobility and has demonstrated this effect in unbuffered systems with adult and foetal haemoglobins.
We have now found that excellent separations of sickle cell and normal haemoglobins are obtained in buffered systems by emphasizing the conductivity and pH effects in order to sharpen the boundaries in one limb. Thus in sodium cacodylate buffer (I = 0-04, pH = 6-40, protein concentration 2 %) the faster ascending boundary migrated in an approximately steady state and complete resolution was obtained in 6 hr. at 7-4v./cm. Similar results were found with phosphate, phosphatechloride and ethylenediamine-HCl buffers when the comparisons were made at constant. ionic strength and haemoglobin mobility. The variation of mobility at constant pH showed that the affinity of haemoglobin for the buffer anions decreases in the order phosphate: chloride:cacodylate with corresponding changes in isoelectric points.
The same resolution was found in the pH 6-4 phosphate buffer between I = 0.04 and 0-08 or in the I=0-04 buffer from pH 6-4 to 6-9. Under conditions of excessive boundary sharpening at pH 6-0 and I.= 004 an additional component was detected whose mobility was slightly higher than that of sickle cell haemoglobin. The boundaries in uncharged acid type (e.g. sodium barbiturate) or phosphate buffers on the alkaline side of the isoelectric points where conductivity and pH effects are in opposition were more diffuse and the resolution therefore inferior. On the other hand in the uncharged base buffer aminotrishydroxymethylmethane-HCl ascending boundaries were again sharpened but became asymmetric after migrating short distances. In the course of an investigation of the electrophoretic behaviour of adult and foetal haemoglobins of the goat it was found that certain animals showed the presence of two adult haemoglobins of distinctly different mobilities each of which was easily separated from foetal haemoglobin. The experiments were carried out in filter paper with barbitone buffer, pH 8 6, I = 0 05, in an apparatus similar to that described by Flynn & de Mayo (1951) and using a potential difference of 185v for 17 hr. In 26 unselected goats obtained from several different dealers, 10 showed the presence of two haemoglobins, both migrating towards the anode. In the remaining 16 animals only one haemoglobin was observed and this corresponded in mobility to the faster moving haemoglobin in the animals showing two. In 15 samples of blood obtained from foetuses ranging in age from 50 to 120 days only one haemoglobin was found which moved faster than either of the adult haemoglobins. The foetal haemoglobin appeared to be the same irrespective of whether the maternal blood contained one or two haemoglobins.
Bloods from 46 goats of a pedigree herd were also examined. In these animals 8 showed the presence of two haemoglobins while 38 contained only the faster moving haemoglobin.
Of the total of 76 goats so far examined, 66 were females and most of these were pregnant. However, in the non-pregnant goats, animals with one or with two haemoglobins have been found. So far only 6 male goats have been examined and in each of these animals only one haemoglobin has been found.
It has also been possible to examine bloods from 12 pregnant sheep. In this small series 3 types of individuals could be identified. Five animals contained two haemoglobins; three showed a single relatively fast moving haemoglobin; four showed a single relatively slow moving haemoglobin. Eight bloods from foetuses from these ewes were each found to contain one haemoglobin which had a mobility intermediate between the fast and the slow adult haemoglobins.
The possibility that the individual variations in the blood pigments of these ruminants are genetically determined is being further investigated.
We should like to express our thanks to Dr S. Gornall & Hunter (1943) found that at low concentrations ornithine was a more effective catalyst of urea synthesis in rat-liver slices than citrulline, which is not to be expected if the Krebs & Henseleit (1932) ornithine cycle is true for this system. Krebs (1952) has suggested that this may be due to difficulty experienced by citrulline in gaining access to the cells.
We have confirmed the observations of Gornall & Hunter and have shown that citrulline penetrates liver water at least as readily as ornithine. Since Cohen & Hayano (1948) have shown that the enzyme system converting citrulline to arginine is in the general cytoplasm, and that the only part played by mitochondria in this process is due to their oxidizing enzyme systems, it is not possible to suppose that the lesser effectiveness of citrulline is due to its exclusion from a fraction of the intracellular water.
We have also shown that even in favourable conditions the catalytic effects of ornithine and citrulline on urea synthesis are not additive; when the two are added together to liver slices the rate of urea synthesis observed is never in our experience greater than the higher rate obtained with one of the two at the same concentration. On these grounds and on the basis of the differences in response of the ornithine-and citrullinecatalysed processes to various alterations in conditions, we suggest that these processes involve separate cycles.
